Purpose: To describe the potential clinical use of a new brachytherapy applicator for gynecological tumors, with special attention to locally advanced cervical carcinoma. This device allows the combination of intracavitary radiotherapy and MRI-compatible transperineal interstitial needles. The design of this template addresses the disadvantages of currently commercially available templates: the inability of the intracavitary component to reach deep into the cervix (MUPIT), and the MRI-incompatibility of these templates (MUPIT and Syed), which necessitates use of CT imaging for the dosimetry.
Purpose
The use of the modern MRI imaging techniques has changed the prospects for the treatment of cervical carcinoma and has become a valuable tool in the brachytherapy (BT) component [1] [2] [3] . The American Brachytherapy Society (ABS) and the Groupe Européen de Curiethérapie and the European Society for Radiotherapy and Oncology (GEC-ESTRO) have recommended MRI as the preferred image modality for image guided brachytherapy (IGBT) [4] [5] [6] . In locally advanced cervical carcinoma with moderate extension to the parametrium, combined endocavitary and interstitial applicators (Vienna or Utrecht applicators, Nucletron, an Elekta company, Elekta AB, Stockholm, Sweden [7, 8] ) are appropriate. However, these have coverage limitations in patients with more advanced disease or in those who respond poorly to external beam radiotherapy (EBRT). In such cases, interstitial templates such as the MUPIT (Martinez Universal Perineal Interstitial Template, Nucletron, an Elekta company, Elekta AB, Stockholm, Sweden) or the Syed Template (Best Medical International, Inc. Springfield, VA, USA) have been recommended [9, 10] .
The current commercially available interstitial templates have inherent disadvantages: a) some do not allow addition of an intracavitary component, and b) they are incompatible with MRI and therefore require use of CT dosimetry. In an attempt to combine the technical advantages of MUPIT and Utrecht applicator and MRI-based planning, we have developed a new intracavitary/interstitial applicator compatible with MRI.
In contrast to the existing multi-interstitial templates (MUPIT and Syed), the Benidorm Template is completely compatible with MRI, thus avoiding the artifacts and image distortion produced by stainless components and improving the MRI image for treatment volume design and dosimetry. Use of this device facilitates adherence to the recommendations of ABS/GEC ESTRO for IGBT. The purpose of this work is to present the design of this new applicator and to describe clinical indications, the clinical procedure, and the advantages of MRI dosimetry.
Material and methods

Applicator description
The Benidorm Template (Lorca Marín S.A, Murcia, Spain) uses currently existing Nucletron-Elekta MRI-compatible intrauterine tubes; these 15, 30, and 45 grade tubes are 4, 6, or 8 cm long and allow delivery of a large central dose. This device can also use 20 or 24 cm long titanium needles to cover the disease in all directions. The intracavitary component (IC) helps to straighten the uterus and to maintain the geometry of the needles.
The Benidorm Template has 12 rows 1.1 cm apart (measured from center to center of each needle) to introduce straight and angled titanium needles. It has 7 rows, in which there are 35 straight holes for parallel needle placement and 5 rows, in which there are 16 angled holes (7º) ( Figure 1A ). This template allows coverage of the distal parametrium (up to 4.5 cm from the middle of the IC tube) and the entire vagina ( Figure 1B ). It has also the possibility to include a vaginal cylinder 2.4 cm in diameter; these cylinders are available in lengths from 4-12 cm to accommodate different vaginal lengths, with 8 positions of needles in its surface ( Figure 1C and D) . Plastic obturator tracks fasten the needles avoid displacement ( Figure 1E) . A second plate of the exactly same design covers the first in order to achieve adequate docking and to prevent displacement of the components of the applicator ( Figure 1F ). This second plate also can hold a central needle when the introduction of the intrauterine tube is not possible (Figure 1G and H) .
This new template takes the well-known advantages of the MUPIT [11] and complements them with an intrauterine tube, additional needle holes, and compatibility with MRI for CTV-OAR delineation.
Clinical indications
This novel template is specially indicated in locally advanced cervical carcinomas with bulky parametrial extension (medial or distal), bulky primary disease or disease with poor response to EBRT, extensive paravaginal involvement (tumor thickness greater than 0.5 cm) extending to middle and lower third of the vagina, or disease that has invaded the bladder or rectum (stage IVA).
In addition, this applicator can be used in patients who are not candidates for an intrauterine component because of unfavorable topography after EBRT and chemotherapy, narrow vaginas, primary tumors of the vagina, or post-hysterectomy recurrences or recurrences in a previously irradiated area.
Clinical procedure
A pre-implant MRI with the vaginal obturator is done one week before the BT procedure. T2 weighted MRI images in the axial, coronal, and sagittal planes are taken (Figure 2 ). Using these images, the number, position, and depths of the needles are defined, always taking into account that an offset of 1 cm from the tip is given to define the first dwell position. This means that the depth is considered appropriate if the CTV is covered in its entirety with up to a 1 cm superior margin. Implantation of the applicator is done under general or spinal anesthesia. The patient is placed in the dorsal lithotomy position. A Foley tri-lumen catheter is placed in the bladder and inflated with 7 cc of saline solution. An intrauterine tube is brought into the uterine cavity. The obturator (vaginal cylinder) of the template assembly is placed in the vagina, so that it fits against the cervix and maintains that position.
Different lengths of vaginal cylinders are available to match different anatomies. The plate is positioned against the perineum, and the template is fixed to the perineal skin by four or six stitches. With the obturator in the vagina and the template fixed to the perineum, titanium needles (in our case 20 cm long) are inserted through the holes of the template and through the perineum into the desired target; the obturator tracks exactly the depth previously defined with the pre-implant MRI. If the lateral dimension must be increased, the oblique holes are used. After the implant, a second plate is placed covering the one fixed to the perineum to prevent longitudinal displacement of the needles.
In the MRI (General Electric 1,5 T, Milwaukee, WI, USA) we use a T2 sequence. To visualize the applicator and titanium needles, a T1 3D radio-frequency Spoiled Gradient recalled Echo (SPGR) [12] sequence is also used ( Figure 3 ). Normal saline solution (50 cc) is injected into the bladder to help in volume definition.
Due to the dose characteristics involved in using a single interstitial implant and a single prescription dose over the CTV, we delineate the OARs (rectum and bladder) and the CTV. The CTV is defined taking into account bright regions of tumor seen in T2 sequences, initial image MRI studies, clinical examination at the first consultation, and by exami nation under anesthesia at the time of the implant [13, 14] .
Intrauterine tandem and needle reconstruction has been object of another work dedicated to the medical physics aspects of the Benidorm Template. Briefly, the reconstruction was determined by the relationship of the free length of the needles to MRI markers specific to the Benidorm Template [15] . For the intrauterine tandem, the reconstruction was done using MRI dummies described previously [16] . Dosimetry with this template is calculated in the same manner as with MUPIT-based CT planning. The advantage in using MRI instead of CT is the more adequate CTV definition that typically results in 
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a lower CTV volume than that derived using CT. Activation was done inside the volume of CTV. The normalization and prescription were based on the average of the surface CTV points. The optimization was done first geometrically to minimize overdose volumes, and then the result was modified manually to maximize bladder and rectum sparing. Independent calculation verification was performed importing the points, dwell positions, and dwell times from the treatment planning system to a home-made spreadsheet [17] . For these patients, the radiation oncology treatment strategy included an EBRT component that is delivered before BT to reduce tumor volume (46-50.4 Gy to the pelvis with conventional fractionation). We tried to limit the overall treatment time to less than 8 weeks. The customary BT approach adopted by our department was used: six 4 Gy fractions prescribed to CTV and given in four days, six hours apart. The bladder was filled with 50 cc of saline solution before each fraction to reproduce the planned treatment defined in the MRI. The implantation and first treatment were completed on day one. Total doses were normalized to 2 Gy per fraction equivalent doses (EQD2), assuming α/β of 10 for CTV and 3 for OAR as recommended [5, 6] .
This fraction size was chosen to decrease the risk of late toxicity that might result from the biologic effect of a larger fractional dose and the fact that two fractions were administered daily [18, 19] . We performed a single application implantation with multifractionated HDR irradiation. The planning aim was to deliver at least 75-85 Gy EQD2 (α/β=10) to de CTV D 90 . Dose constraints applied to the OARs were based on the EMBRACE protocol for cervix, using a maximum dose to D 2cc rectum of 70-75 Gy EQD2 (α/β=3) and 90 Gy EQD2 (α/β=3) to the D 2cc of the bladder [20] .
Implant needles were removed without anesthesia immediately after the treatment was completed. Routine antibiotics, continuous intravenous analgesia, and antiembolism prophylaxis were prescribed during the treatment period. The patients were provided with antibiotics and analgesics, and discharged the same day that the implant was removed.
Results
The objective of this manuscript is to describe the CTV coverage achieved with the IC/interstitial Benidorm Template applicator and to demonstrate the improvement in Isodoses: 150% (Magent), 100% (yellow), 90% (green) volume definition that was possible through the use of MRI. In a future phase of this project, the clinical follow-up and tolerance results will be analyzed and compared with our previous results with CT-based dosimetry using the MUPIT applicator.
Between A typical example of a dose plane distribution is shown on Figure 3 . 
A B C Discussion
Despite medical advances, the treatment of cervix malignancies, mainly locally advanced tumors, remains one of the main clinical challenges for the radiation oncologist. External beam radiotherapy with concomitant chemotherapy and intracavitary BT represent the gold standard for these patients.
In contrast with the old point-based techniques [21] , the incorporation of CT-based tridimensional imaging for BT planning has been a very important and well-known advance. It allows volume definition providing dose-volume histograms to predict potential control and toxicity.
Several studies have reported that MRI can also be an extremely useful tool for diagnosis and prediction of response in cervical malignances [22] [23] [24] [25] , and this modality has been recommended as superior to CT [1, 26] . The ability of MRI to provide precise knowledge of disease extension has facilitated the tailoring of treatment to individual circumstances at different stages of the disease. Clearly, this characteristic of MRI-based diagnosis aids in selection of the best radiation source placement for the BT procedure and the BT-applicator that will be able to cover the entire CTV [10, [27] [28] [29] .
In 2004, the Image-Guided Brachytherapy Working Group of the ABS published their guidelines for image-based BT for cervical carcinoma for North America [30] . At almost the same time, several European specialist groups published reports with the GEC-ESTRO recommendations [5, 6] , combining the work of both societies to facilitate inter-institutional standardization [31] .
The GEC-ESTRO recommendations defined different BT volumes (GTV, High risk CTV, and Intermediate risk CTV), based on the disease and risk of recurrence because of microscopic tumor at the diagnosis and at the time of the BT procedure, i.e., clinical, and as described by MRI. These volumes should receive different doses individually adapted to each application. The GEC-ESTRO recommendations have introduced the term Image-Guided Brachytherapy to indicate this stage of the treatment process. Application of these guidelines is intended to reduce toxicity and increase local control and survival; several different groups and institutions have reported on the efficacy of this approach [32] [33] [34] .
Despite these efforts, inadequate dose coverage remains the main reason for local failure. It is well known that higher doses in these tumors have increased local control and survival, producing control rates near 90-95% when [2, [35] [36] [37] . Brachytherapy continues to be the best treatment to increase dose in locally advanced cervical carcinoma [38] [39] [40] . MRI findings have shown that there is a group of patients, in which the areas that should be treated are excluded from the classical treatments and prescriptions; these results have revealed the limitations of exclusive use of intracavitary applicators. To our knowledge, there is no established approach to treat these extended lesions using brachytherapy alone. An alternative is to combine brachytherapy with EBRT using IMRT, and then control of image registration and dose combination are the critical points [41] . Attempts to apply this kind of combined treatment have led to the development of new applicators. An interstitial component has been added to the basic IC applicators using metallic or plastic needles compatible with MRI. The two manufactured devices that apply this solution are the classic ring (Vienna applicator) and ovoids (Utrecht applicator) [7, 8, 42] . When the extension to parametrium is moderate, these combined endocavitary and interstitial MRI applicators extend the CTV coverage using a lateral line of needles [7] . This type of coverage is inadequate in patients with more advanced disease, such as bulky parametrial extension, bulky primary disease, extensive paravaginal extension to middle or lower third of the vagina, or disease invading the bladder or rectum. In these situations more interstitial needles must be added [4, 9, 10] .
There are manufactured templates for interstitial implants, such as MUPIT with angled openings [11] or the Syed template [43] . However, the MUPIT lacks a central intracavitary component that can reach deep into the cervix and neither template is MRI compatible. Plastic needles can be used but fibrosis tissue, tumors, or bones could divert these and prevent a uniform and homogenous implant.
Reports of the use interstitial BT in locally advanced cervical carcinoma are infrequent. The few published series show the use of ultrasound [44, 45] , MRI [13, 46] , or CT [47, 48] for needle insertion. All of these series have used plastic or stainless steel needles for CT planning (with or without fusion with MRI imaging done without the applicator and the needles). It is well known that the unavoidable time difference between the MRI and CT scans increases the overall uncertainty and can cause discomfort for patients. In our experience, these disadvantages can be resolved through the use of the Benidorm Template, which allows all planning procedures to be based solely on MRI.
The GEC-ESTRO recommends that, when using MR imaging for image-based adaptive cervical carcinoma brachytherapy, the contouring should be done in para-axial planes [49] . In our current image protocol, we are using axial planes for contouring, however, there are some 3D protocols in progress to allow the application of these recommendations.
One problem that we found in using this applicator with both the intracavitary and the interstitial component and MRI planning was that following GEC-ESTRO volume definitions for prescription became more difficult. As mentioned earlier, different doses for the HR-CTV and the IR-CTV are defined based on different risks of recurrence. The most typical strategy in interstitial BT involves including both the GTV at diagnosis and the GTV at the time of the brachytherapy in a single CTV. In the literature, although the concept is basically the same, the specific descriptions vary greatly. Souza et al. [50] define a CTV that includes "the clinical and radiological tumor at diagnostic and at the moment of the BT". Viswanathan et al. [13] and Lee et al. [47] , in reporting on a huge experience in interstitial implants and MRI imaging, define the CTV as "any regions thought by the physician to harbor microscopic disease spread based on the localization of the tumor" or "CTV-1 as the clinical evident disease by CT imaging and clinical examination, facilitated by clinical drawings, fiducial markers, and pre-brachytherapy MRI when available and CTV-2 as any adjacent region with considerable risk of microscopic disease extension". Sharma et al. [51] describe the CTV as "the line joining all the peripheral needles visible in CT between the cranial and caudal extent of the disease". Also, some groups do not describe treatment volumes at all and employ CT only to define dose points in relation to catheter reconstruction [18] .
According to the literature and others institutions experience, we chose to base prescription on a single CTV without distinguishing between volumes and to consider the HR-CTV to be contained within it. The resulting dose distribution was different and tended to require a lower EQD2 than is described in EMBRACE for cervix cases. However, it must be remembered that what appears to be a relatively low median EQD2 to the CTV does not take into account the effect of delivering 6 fractions two times a day in a short overall treatment time. Our median EQD2 dose to CTV reached 79.8 Gy (71.5-89.9 Gy); this is in the range described by others (EQD2 61.6-82 Gy [13, 14, 18, 47, 50, 52, 54] . For OAR evaluation, we followed the GEC-ESTRO recommendations on D 2cc and the EMBRACE protocol [20] using dose constraints based on the EQD2.
From January 2006 to November 2013, 89 interstitial treatments using the MUPIT template were done at our department, 65 of these as a primary treatment for locally advanced cervical cancer. In 2006 we began to employ MRI following the recommendations of GEC-ESTRO/ ABS in BT procedures for early stage cervical carcinoma; in 2009 we incorporated use of the Utrecht applicator for more advanced disease. Drawing on our experience in perineal interstitial treatments, Utrecht applicators and MRI BT, we designed the Benidorm Template to combine the advantages of these approaches. To our knowledge, this is the first report of the use of a completely MRI-compatible template with a mixed intracavitary and interstitial component that allows exclusive MRI based planning.
Conclusions
The Benidorm Template has been developed and clinically implemented. The design of this template addresses the disadvantages of currently commercially available templates: the inability of the intracavitary component to reach deep into the cervix (MUPIT), and the MRI-incompatibility of these templates (MUPIT and Syed), which necessitates use of CT imaging for the dosimetry. The use of this new MRI-compatible template is practical and efficient, allowing improved contouring and CTV conformation and planning procedure based solely on MRI.
